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(57) ABSTRACT

A voltage level shifting device for driving a capacitive load
has an mput terminal for recerving a first input signal switch-
able between a first logic state corresponding to a first refer-
ence voltage and a second logic state corresponding to a
second reference voltage, and an output terminal for supply-
ing an output signal switchable between a first logic state
corresponding to a third reference voltage and a second logic
state corresponding to a fourth reference voltage. The device
also has a first electronic circuit that 1s activated following a
commutation of the first mnput signal from the first reference
voltage to the second reference voltage for fixing the output
terminal to the fourth reference voltage. The device further
has a second electronic circuit that 1s activated following a
commutation of the first input signal from the second refer-
ence voltage to the first reference voltage.
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1
LEVEL-SHIFTING DEVICE

TECHNICAL FIELD

The present disclosure relates to the field of electronic
devices operating to shift voltage levels 1n electronic circuits
and more particularly concerns a voltage level-shifting
device.

BACKGROUND ART

As known, a level-shifter 1s a device configured to process
a digital mput signal having a swing comprised between the
ground potential GND and a first supply voltage VDDI1 to
generate as output a corresponding digital signal having 1ts
swing comprised between the ground potential GND and a
second supply voltage VDD2. Generally, such second supply
voltage VDD2 1s higher than the first supply voltage VDDI1.

For example, the digital input signal of the level shifter may
be a signal processed 1n a low-voltage portion of the circuit
having 1ts swing comprised between the ground potential
GND and the first supply voltage VDD1=1.2V to reduce
power dissipation. The output signal generated by the level
shifter can drive a power butfer so that to commutate between
the ground potential GND 1tself and the second supply volt-
age VDD?2 corresponding to the battery voltage of a mobile
phone, which 1s usually a time-varying voltage between 2.3V
and 5V.

However, MOS transistors manufactured according to the
most recent technologies, for example a 40 nm manufacturing
process, would 1ncur breakdowns or unacceptable degrada-
tions when used with voltages having a swing varying
between the ground potential GND and the above mentioned
battery voltage. In this case, known configurations of a level
shifter from low voltage mput swing to high voltage output
swing cannot be used.

In order to overcome such inconvenience, particularly for
driving an output P-channel MOS transistor, one solutionis to
use a level shifter configured to shift its mnput voltage having,
a swing comprised between the first supply voltage VDD1
and the ground potential GND to an output voltage having a
swing from the second supply voltage VDD2 (corresponding
to P-MOS switched-ofl) to VDD2-k (corresponding to
P-MOS switched-on) which 1s suitable to drive the gate of the
P-MOS. In this case, k indicates a voltage value that can be
fixed so that to be compatible with reliability i1ssues and
acceptable overdrive. Values for k are, for example, com-
prised in the range 1.8V-2.2V.

To this end, a level shifter that can be employed 1s described
in the article “A Class-AB/D Audio Power Amplifier for
Mobile Applications Integrated into a 2.5G/3G Baseband
Processor”, by Willem H. Groeneweg et al., IEEE TRANS-
ACTIONS ON CIRCUITS AND SYSTEMS—I: Regular
Papers, vol. 57, No 5, May 2010. The structure of such level
shifter 1s shown 1n FIG. 4 and indicated with the reference
number 300.

Particularly, a first M3 and a second M4 N-MOS transistor
of level shifter 300 have their gate terminals connected,
respectively, to a first 301 and to a second 302 1nput of the
level shifter 300. Such first input 301 1s configured to receive
a digital low-voltage input signal V , that can correspond to
the ground potential GND or to the first supply voltage
VDDI1. The first input 301 of the level shifter 300 1s connected
to the second mput 302 through an inverter 303, therefore the
second mput 302 of the level shifter 300 1s configured to
receive a first low-voltage mput signal V, , which is logically
opposite to the low-voltage input signal V ,. In more detail,
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such first low-voltage mput signal V,, corresponds to the
ground potential GND or to the first supply voltage VDDI1
when the low-voltage input signal V , corresponds to the first
supply voltage VDDI1 or to the ground potential GND,
respectively. In this way, the first M3 and second M4 transis-
tors are alternatively switched on or off on the basis of the
value assumed by the input signal V .

Moreover, the level shifter 300 comprises a current mirror
including further N-MOS transistors M, and M, operating to
mirror a first polarization current I, in a second polarization
current I, . applied to the source terminals of the first M3 and
second M4 N-MOS transistors.

On the basis of the input signal V ,, the second polarization
current I,, can flow alternatively in a first branch and 1n a
second branch of the level shifter 300. The first branch
includes the first N-MOS transistor M3, a third N-MOS tran-
sistor M3, activated by a bias voltage VBIAS, and a first
resistor R1 connected 1n series with them. The second branch
includes the second N-MOS transistor M4, a fourth N-MOS
transistor M6, activated by the same bias voltage VBIAS, and
a second resistor R2 connected 1n series with them. Particu-
larly, the first R1 and the second R2 resistor are connected
between the second supply voltage VDD2 and, respectively, a
first 304 and a second 3035 output of the level shifter 300.

In view of the symmetrical structure of the known level
shifter 300, the following conditions are valid for transistors
and resistors: M3=M4, M5=M6, R1=R2.

In addition, the level shifter 300 comprises a first M7 and a
second M8 P-MOS transistor where M7=MS8. The first
P-MOS transistor M7 1s connected between the second sup-
ply voltage VDD2 and the first output 304 of the level shifter
300 and has 1ts gate terminal connected to the second output
305 of the level shifter. The second P-MOS transistor M8 is
connected between the second supply voltage VDD2 and the
second output 3035 and 1ts gate terminal 1s connected to the
first output 304 of the level shifter.

When the mput signal V , corresponds to the first supply
voltage VDD, the second polarization current I, ,flows 1n the
first branch of the level shifter 300 and generates over the first
resistor R1 a voltage drop R11,, so that the voltage value on

the first output 304 of the level shitter 1s VDD2-R11, .. The
second supply voltage VDD2 1s connected to the second
output 305 by the second P-MOS ftransistor M8 being
switched on.

When the input signal V , corresponds to the ground poten-
tial GND, the second polarization current I,, flows 1n the
second branch of the level shifter 300 and generates over the
second resistor R2 a voltage drop R2I,, so that the voltage
value on the second output 305 of the level shifter 1s VDD2-
R21, . The second supply voltage VDD2 1s connected to the
first output 304 by the first P-MOS transistor M7 being
switched on.

The level shifter 300 known 1n the art shows 1ts limits when
it 1s used to drive a large capacitive load C,, for example a
capacitive load of 2 pF. FIG. 5 shows time diagrams of the
input signal V , and of output signal Vo related to the level
shifter 300 of FIG. 4. Time diagram related to the output
signal Vo 1s obtained assuming the second polarization cur-
rent 1, =5 uA and R1=R2=360 k€2. In fact, in this case the
transition time of the output signal Vo generated by the level
shifter 300 can reach a value, for example, of 1 usec that 1s

unacceptable for many applications.
It should be observed that, in the level shifter of F1G. 4, the

fall time mainly depends on the values chosen for resistors
R1=R2, on the capacitive load C; and on the second polar-
ization current I, . The rise time mainly depends on the values
of capacitive load C; and on the resistors R1=R2. For
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example, for a capacitive load C,=2 pF, to reduce both rise
and fall times, the reduction of both resistors R1=R2 1s
required. In this case, 1n order to ensure that the low voltage
value VDD2-R11, =VDD2-k of the output signal Vo 1s main-
tained compatible with reliability 1ssues and acceptable over-
drive as 1ndicated above, the second polarization current I, ,

should be increased.
In other words, to reduce the transition time with the solu-

tion for a level shifter 300 known 1n the art, the power con-
sumption should be increased. This 1s oiten unacceptable.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a voltage
level shifting device which ensures better performances 1n
term of transition time than the existing solution by providing,
the same levels for output signal of the existing solution and
without, substantially, increasing the power consumption.

The above object 1s reached by a voltage level shifting
device according to independent claim 1.

Further embodiments of the invention are described in the
dependent claims 2-13.

It 1s an object of the present ivention to also provide an
amplification device according to claim 14 comprising the
voltage level shifting device of the invention, and a portable
clectronic equipment comprising such an amplification
device according to claim 15.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention
will become more apparent from the following detailed
description of exemplary but non-limiting embodiments
thereol, as 1llustrated 1n the attached figures, 1n which:

FI1G. 1 shows a circuital structure of a first embodiment of
a voltage level-shifting device 1n accordance with the mven-
tion;

FI1G. 2 shows a circuital structure of a second embodiment
of the level-shifting device of the invention;

FIG. 3A-3B show time diagrams of signals related to the
level shifting devices of FIGS. 1 and 2, respectively;

FI1G. 4 shows a circuital structure of a level shifter known in
the art;

FI1G. 5 shows time diagrams of input and output signals of
the level shifters of FIGS. 1, 2 and 4.

DETAILED DESCRIPTION

In the attached FIGS. 1 and 2 similar or 1dentical elements
are 1ndicated using the same references.

With reference to FIG. 1, a circuital structure of a first
embodiment of a voltage level-shifting device according to
the present invention 1s indicated with the reference number
100. With reference to FIG. 2, a circuital structure of a second
embodiment of the voltage level-shifting device of the present
invention 1s indicated with the reference number 200. In the
following the voltage level-shifting device 100,200 1s also
indicated level-shifting device or simply level-shitter.

Such level-shifting device 100,200 can be used in many
clectronic applications to drive a capacitive load C,, for
example a capacitive load of about 2 pF. The level-shifting
device 100,200 of the invention can be advantageously used
in portable communication apparatuses, such as for example
mobile phones, smart-phones or tablets. Particularly, ampli-
fication devices, for example class-D amplifiers, included 1n
such portable communication apparatuses can comprise the
level-shifting device 100,200 of the invention.
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With reference to both FIGS. 1 and 2, the voltage level-
shifting device 100,200 comprises:

a first line set at a first reference voltage, such as the ground

potential GND;

a second line set at a second reference voltage VDDI1
greater than the first reference voltage GND); such sec-
ond reference voltage corresponds to a first supply volt-
age, for example a voltage of 1.2V;

a third line set at a third reference voltage VDD?2 greater
than the second reference voltage VDDI1. Such third
reference voltage VDD2 corresponds to a second supply
voltage, which can assume, for example, voltage values
in the range 2.5V-5V.

The level-shifting device 100,200 comprises an input ter-
minal N1 for recetving a first input signal V,,, switchable
between a first logic state corresponding to the first reference
voltage GND and a second logic state corresponding to the
second reference voltage VDD,

The level-shifting device 100,200 further comprises an
output terminal 102,202 for supplying an output signal V ,, -
to the capacitive load C,; connected between such output
terminal 102, 202 and the ground potential GND. In more
detail, the output signal V ,, - 1s switchable between a first
logic state corresponding to the third reference voltage VD2
and a second logic state corresponding to a fourth reference
voltage VDD2-K obtained by reducing the third reference
voltage VDD2 of a predetermined “operative” voltage K as
will be explained 1n detail 1n the following. In this case, the
operative voltage K represents a voltage value that can be
fixed so that to be compatible with reliability 1ssues. Values
for K are, for example, comprised in the range 1.8V-2.2V,

In addition, the level-shifting device 100,200 comprises a
first electronic circuit 103 having an input 1 connected to the
input terminal N1 and an output 2 connected to the output
terminal 102, 202. Particularly, the first electronic circuit 103
1s activated following a commutation of the first input signal
V ., from the first reference voltage GND to the second ref-
erence voltage VDD for fixing the output terminal 102,202
to the fourth reference voltage VDD2-K.

In an embodiment, the first electronic circuit 103 com-
prises an mput circuit M2N,M3N and a source follower

PMOS transistor M3P connected with them to form a branch
between the output 2 and the first line GND.

Particularly, the source follower PMOS transistor M3P has
its source terminal connected to the output 2 of the first
clectronic circuit 103 and 1ts drain terminal connected to an
output node 5 of the mput circuit M2N,M3N. The gate termi-
nal of the source follower PMOS transistor M3P 1s driven by
a bias voltage VGSOUF.

In a preferred embodiment, the iput circuit comprises a
first M2N and a second M3N NMOS transistor connected
together 1n a cascode configuration. Such first NMOS tran-
sistor M2N 1s activated following a commutation of the first
input signal V ,,, from the first reference voltage GND to the
second reference voltage VDD for fixing the source terminal
of the source follower PMOS transistor M3P to the fourth
reference voltage VDD2-K.

The second NMOS transistor M3N 1s maintained activated
all the time by a reference voltage V, applied on its gate
terminal. For example, a value for such reference voltage 1s
about 2.5V. In addition, the source follower PMOS transistor
M3P 1s maintained activated all the time by the bias voltage
VGSOUF.

The level-shifting device 100,200 further comprises a sec-
ond electronic circuit 104 having a first input 3 connected to
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the mput terminal N1 above mentioned to receive the first
input signal V,,; and a first output 4 connected to the output
terminal 102,202.

Particularly, the second electronic circuit 104 1s activated
following a commutation of the first input signal V ;. from the
second reference voltage VDD to the first reference voltage,
1.€. the ground potential GND.

In more detail, the second electronic circuit 104 includes a
circuital block M4P connected between the third line VDD2
and the first output 4. Such circuital block M4P 1s activated
through a first input node N2 for commutating the output
terminal 102, 202 from the fourth reference voltage VDD2-K
to the third reference voltage VDD2 following the commuta-
tion of the first input signal V,,, from the second reterence
voltage VDDI1 to the first reference voltage GND.

In a preferred embodiment, such circuital block comprises
a first PMOS transistor M4P connected between the third line
VDD2 and the first output 4 of the second electronic circuit
104. The gate terminal of such first PMOS transistor M4P 1s

connected to the first input node N2.

In addition, the second electronic circuit 104 includes a
network R2, C1; C1, C2, R3, M5P operatively connected
between the third line VDD2 and the first input 3 of the same
circuit 104.

Advantageously, such network R2, C1; C1,(C2, R3, M3P1s
configured to drive the first input node N2 to maintain the first
PMOS transistor M4P activated at least for a first time interval
T1 greater than a second time interval T2. Particularly, such
second time interval T2 represents the time interval requested
to commutate the output terminal 102, 202 of the level shifter
100,200 from the fourth reference voltage VDD2-K to the
third reference voltage VDD?2.

In greater detail, with reference to the level-shifting device
100 0of FIG. 1, the network of the second electronic circuit 104
COmprises:

a first resistor R2 connected between the third line VDD?2

and the first input node N2, and

a first capacitor C1 connected between the same first input
node N2 and the first input 3 of the second electronic
circuit 104.

In addition, the level shifter 100 comprises a first iput
terminal 101 connected to the mput terminal N1 trough an
inverting circuit or mverter 500 which 1n turn 1s connected
between the first line GND and the second line VDD1. Such
inverter 500 1s configured to provide at 1ts output correspond-
ing to the mput terminal N1 the above mentioned {irst input
signal V., by logically mverting a second put signal V,,/
received at 1ts mput corresponding to the first input terminal
101.

With reference to the level-shifting device 200 of FI1G. 2,
the network of the second electronic circuit 104 comprises:

a first capacitor C1 connected between the first input node
N2 and the first input 3 which 1s analogous to the first
capacitor of level shifter 100;

a second PMOS transistor M3SP connected between the
third line VDD?2 and the first input node N2, and having
its gate terminal connected to a second 1nput node N3;

a second resistor R3 connected between the third line
VDD2 and the second input node N3;

a second capacitor C2 connected between the second input
node N3 and the first input terminal 201 of the level-
shifter 200.

It should be observed that the level shifter 200 comprises a
respective mverter 300 analogous to the inverter described
with reference to the level shifter 100. Such inverter 500 1s
connected between the first input terminal 201 of the level-
shifter 200 and the mput terminal N1. Such first input termai-
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nal 201 1s configured to receive the second nput signal V,,/
switchable between the first reference voltage GND and the
second reference voltage VDD so that the first input signal
V. provided at the output of the inverter 500 1s logically
opposite to such second put signal V ;.

Furthermore, the voltage level-shifting device 100,200
comprises a bias circuit 105 connected between the third line
VDD2 and the first line GND and configured to generate the
above mentioned bias voltage VGSOUEF. Such bias circuit
105 comprises a current mirror circuit or current mirror M1P,
M2P having an output 6 connected to said output terminal
102, 202 to supply such output terminal with a current I, ., »
obtained by mirroring a first current I,,, » generated by a
current generator I11. Particularly, the current mirror circuit
comprises a third M1P and a fourth M2P PMOS transistor.
The gate and drain terminals of the third PMOS ftransistor
M1P are connected together and to a gate terminal of the
fourth PMOS transistor M2P. The source terminals of both
third M1P and fourth M2P PMOS transistors are connected to
the third line VDD2. The drain terminal of the fourth PMOS
transistor M2P corresponds to the output 6 of the current
mirror circuit and the drain terminal of the third PMOS tran-
sistor M1P corresponds to an mput 7 of the same current
mirror circuit. Such mput 7 of the current mirror 1s connected
to the first line GND through a first branch including a third
resistor R1 series connected to the above mentioned current
generator 11.

In more detail, the third resistor R1 1s connected between
the mput 7 of the current mirror circuit M1P, M2P and an
intermediate node 8 of the first branch. The bias circuit 105
can provide the bias voltage VGSOUF on the intermediate
node 8 connected to the gate terminal of the source follower
PMOS transistor M3P.

Optionally, the bias circuit 105 can comprise a third capaci-
tor C4 connected between the third line VDD2 and said inter-
mediate node 8. Further, the bias circuit 105 can, optionally,
comprise a fourth capacitor C3 connected between the third
line VDD2 and the mput 7 of the current mirror circuit M1P,
M2P.

Both the third C4 and the fourth C3 capacitor are used to
reduce the disturbances at the gate terminal of the third PMOS
transistor M1P and at the intermediate node 8. Such distur-
bances are mainly due to capacitances associated during com-
mutations to the fourth PMOS transistor M2P and to the
source follower M3P.

It should be observed that the bias voltage VGSOUF gen-
crated by the bias circuit 105 1s obtained by subtracting to the
third reference voltage VDD2 both a voltage threshold V -,
typical of a PMOS transistor, 1n this case the voltage threshold
V ., of the third PMOS M1P, and a voltage drop produced on
the third resistor R1 by the bias current supplied by the current
generator 11. Therefore, the bias voltage VGSOUF can be
obtained with the equation:

VGSOUF=VDD2-V ;~R11I1 (1)

In view of this, the voltage at the output terminal 102, 202 of
the level-shifting device 100,200, particularly the fourth ref-
erence voltage VDD2-K which corresponds to the second
logic state of the output signal V ,, -, can be obtained starting
from equation (1) as:

VGSOUF+V 7;7=VDD2-R111=VDD2-K (2)

Theretfore, the voltage drop R1I1 on the third resistor R1
corresponds to the above mentioned predetermined operative
voltage K.

It should be noted that the first current I,,, » provided by
current generator I1 1s generally obtained as Vrel/R, wherein
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Vret 1s a furnished precise voltage and R 1s a resistor of the
same type of the third resistor R1, 1.e. manufactured during
the same process. In this way, the operative voltage K=R111=
(Vret/R)R1 1s a constant even 11 the third resistor R1 (and R)
1s varying with the process.

A way of operating for both embodiments 100, 200 of a
voltage level-shifting device 1n accordance with the invention
can be described with reference to FIGS. 1, 2, 3A and 3B.
Particularly, the way of operating of both level shifters 100
and 200 1s examined when the first input signal V .., commu-
tates from the first reference voltage GND to the second
reference voltage VDD1 (commutation low-to-high) and
vice-versa when the same first input signal V ,,, commutates
from the second reference voltage VDD to the first reference
voltage GND (commutation high-to-low).

In the following of the description, the word “commuta-
tion” between voltage levels 1s used with the meaning of
“switching”.

Particularly, for both level shifters 100 and 200, when the
second input signal V ./ falls to the first reference voltage, 1.¢.
the ground potential GND, the first input signal V,,; at the
input terminal N1 rises to the second reference voltage, 1.e.
the first supply voltage VDDI1. In this case, the voltage at the
first input node N2 1s incremented of almost the same first
supply voltage VDD1 through the first capacitor C1 so that
the first PMOS transistor M4P 1s maintained switched off.

Therelfore, during a commutation from low-to-high of the
first input signal V ,,,, the second electronic circuit 104 of both
level shifters 100, 200 1s disabled, 1.e. 1t does not contribute to
determine the voltage at the output terminal 102, 202.

During the same commutation of the first input signal V.,
from low-to-high, on the contrary, the first electronic circuit
103 1s enabled, 1.¢. it contributes to determine the voltage at
the output terminal 102,202 In fact, the first NMOS transistor
M2N 1s on and it can start, through the branch including the
second NMOS transistor M3N and the source follower
PMOS transistor M3P, the falling edge of the output signal
Voo Particularly, a commutation of such output signal
V o718 caused from the third reference voltage, 1.e. the sec-
ond supply voltage VDD2, reached at the end of the previous
commutation, to the fourth reference voltage VDD2-K
forced by the source follower PMOS transistor M3P and
indicated 1n equation (2) above. The fourth reference voltage

corresponds to the low level of the output signal V .,

It should be observed that the source follower PMOS tran-
sistor M3P 1s driven by the bias voltage VGSOUF. Particu-
larly, the bias voltage VGSOUF forces the output terminal
102, 202 to VGSOUF+V ., as DC value, when the input
terminal N1 1s stable at high level. In this condition, the DC
current 1s the current mirrored by the fourth transistor M2P.

During commutation of the output terminal 102,202 from
high level to low level (N1 goes from low to high), at the
beginning, the source follower PMOS M3P has a large over-
drive (output 2 starts from the second supply voltage VDD2)
and 1ts conductance 1s very high. Therefore, the current flow-
ing 1s much more high then the mirrored one I, ,, ». This effect
largely reduces an edge time of the output terminal 102, 202
during commutation from high to low.

With reference to the level shifter 100 shown 1n FIG. 1,
when the second input signal V' rises from the ground
potential GND to the second reference voltage VDDI1, the
first mput signal V.., at the input terminal N1 falls to the
ground potential GND switching off the first NMOS transis-
tor M2N of the first electronic circuit 103. Theretfore, during,
a commutation from high-to-low of the first input signal V ...,
the first electronic circuit 103 of the level shifter 100 1s dis-
abled, 1.e. 1t does not contribute to determine the voltage at the
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output terminal 102. The above consideration 1s also valid for
the level shifter 200 shown 1n FIG. 2 including the same first
electronic circuit 103.

During such commutation, the voltage at the first input
node N2 goes down towards the first reference voltage GND
through the first capacitor C1 so that the first PMOS transistor
M4P 1s switched on.

In this way, the output terminal 102 of the level shifter 100
1s forced to the third reference voltage VDD2. Particularly,
the output terminal 102 commutates from the fourth reference
voltage VDD2-K, previously reached, to the third reference
voltage VDD2 1n a commutation time corresponding to the
second time 1nterval T2 mentioned above.

It should be observed that, in the level shifter 100, after the
commutation of the first input node N2 from high to low has
occurred, the network comprising the first capacitor C1 and
the first resistor R2 1s configured to drive such node N2 so that
it 1s raised again towards the third reference voltage VD2
with an exponential time trend governed by a time constant
T=R2*C1. Theretfore, the first PMOS transistor M4P is, sub-
stantially, again switched oif when the voltage at the first
input node N2 exceeds a VDD2-V ., value, moving with the
exponential law from the starting value to the third reference
voltage VDD?2.

In the level shifter 100 of FIG. 1, some conditions have to
be respected to guarantee the correct circuital behavior. In
fact, the Applicant has verified through simulations results
that the level shifter 100 works properly if, for the second
input signal V ./, a falling edge 1s not too close to a subsequent
rising edge. Such results can be described with reference to
FIG. 3A.

In more detail, assuming that the first input signal V ,,,stays
low (the second 1nput signal V,,; 1s high) for long time, the
first input node N2 has enough time to reach the third refer-
ence voltage VDD?2, in accordance with the time constant
T=R2*Cl1.

However, when the first input signal V,,, rises again (the
second 1mput signal V' falls), the voltage value on the first
input node N2 rises, 1n a first phase, over the third reference
voltage VDD?2, and then decreases asymptotically to the third
reference voltage VDD2 1n a second phase in accordance with
the time constant T. However, if not enough time elapses
before the next falling edge of the first input signal V ., 1.¢, the
rising edge of the second input signal V ./ 1s atter about 0.01
usec, the voltage reached by the first input node N2 1s far from
the third reference voltage VDD?2 and the voltage drop caused
on the mput node N2 1n consequence of such falling 1s not
enough to switch the first PMOS transistor M4P on. M4P
stays off or 1s maintained “not properly on”. In more detail,
the condition with first PMOS transistor M4P maintained
“not properly on” corresponds to the circuital situation 1n
which the input node N2 goes to a voltage that should provide
the PMOS transistor M4P with the on state, but with an
insuificient overdrive to allow fast commutation of the output
signal V 5,

FIG. 3A shows time diagrams of the second input signal
V7, of the voltage on the input node N2 and of the output
signal V ,,,~ As can be seen, 11 the first PMOS transistor M4P
1s maintained off or not properly on, the rising edge of the
output signal V ., results very slow, e.g. up to 1000 times
slower 11 compared with the operative condition 1n which the
PMOS transistor M4P 1s on, because only the mirrored cur-
rent I, ,,, can charge the capacitive load C, to ramp up the
output terminal 102 to the third reference voltage VDD?2.
Unfortunately, such mirrored current 1s a small current, for
example of about 5 uA to reduce the power consumption of

the level shifter 100.
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The second embodiment of the level shifter 200 of the
invention 1s configured to overcome also the limit described
above with reference to the level shufter 100 by 1introducing a
modification in the circuital structure of the level shifter 100.

In fact when the input node N2 goes over the third reference
voltage VDD2 (as consequence of the rising edge of the first
input signal V), the second input node N3 goes down and 1t
switches the second PMOS transistor MSP on. With such
second PMOS transistor M3P activated, the first input node
N2 1s set quickly to the third reference voltage VDD?2. In this
case, a first time constant 1s T=C1*RonMS5P, wherein
RonMS5P represents the resistance offered by the second
PMOS transistor M5P, which 1s dimensioned as a switch, in
its active state which 1s lower than the first resistor R2 and
therefore t'<t.

In more detail, with reference to FIG. 3B, the level shifter
200 ensures that the first input node N2 1s already set to the
third reference voltage VDD2 before the commutation low-
to-high of the second mput signal V). In this way, the rising
edge of the output signal V ,,,-1s faster. Differently from the
level shifter of FIG. 1, the level shifter 200 can maintain the
first PMOS transistor M4P on for all the time of the first input
signal V., 1s low. This can be further advantageous because
the output terminal remains at low impedance for all this time.
The reason 1s that when the first mnput terminal 201 rises
(before of input node N1 falling edge), the second 1nput node
N3 rises (to VDD2 or more) and the second PMOS transistor
MSP stays ofl for all the time. Therefore, the first input node
N2 stays low and 1ts node impedance 1s almost mfinite.

Assuming that the current provided by the generator 11 of
the level shifters 100 and 200, substantially, corresponds to
the current I,, of the level shifter 300 known 1n the art and
shown 1n FIG 4, and that the capacitive load C, to be driven
1s the same, about 2 pF, the level shifters 100 200 of the
present 1mvention provides the same levels for the output
signal V ,, ~but an output transition time much faster than the
solution of the prior art. This advantage of level shifters 100,
200 of the present invention can be appreciated with reference
to FIG. 5 which shows a time diagram of the output signal
V o7 0f level shitters 100,200, 1n broken line, compared to
the output signal Vo provided by the prior art circuit 300 as
response to the same 1nput signal. Particularly, such result 1s
obtained by assuming that the second input signal V) of
FIGS. 1 and 2 corresponds to the mput signal V , of FIG. 4.
This output transition time for level shifters 100, 200 1s about
1 ns.

The level shifters 100, 200 of the present invention offer
low 1impedance of the output terminal 102,202 during transi-
tions, maintaining DC compatibility. In fact, during falling
edge of the second mput signal V ./, the first M2N and second
M3P NMOS transistors ensure output low impedance. Dur-
ing the rising edge of the second 1nput signal V,,/, the first
PMOS transistor M4P guarantees low impedance for at least
the first time nterval T1.

It should be observed that the second NMOS transistor
M3N 1s used to guarantee the reliability of the level shifter
100, 200 1n order to avoid that an excessive overvoltage 1s

applied between the drain and source terminals of the first
NMOS transistor M2N.

10

15

20

25

30

35

40

45

50

55

In addition, 1in a further embodiment, the first resistor R2 ot 60

level shifter 100 could be replaced by a MOS ftransistor.
Moreover, the second resistor R3 of level shifter 200 could be
replaced by a MOS transistor.

From the point of view of a correct operation of the level
shifter 100, the capacitance value of the first capacitor C1 has
to be greater than the gate capacitance of the first PMOS
transistor M4P, 1n order to transier on the first input node N2
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enough part of the signal swing at the mput terminal N1 and,
therefore, to control the first PMOS transistor M4P with a
proper overdrive.

In addition, the first resistor R2 has to be chosen big enough
to maintain the first PMOS transistor M4P on at least for the
first time 1nterval T1 that 1s greater than the second time
interval T2 requested to commutate the output terminal 102
from the fourth reference voltage VDD2-K to the third ret-
erence voltage VDD2. At the same time, the first resistor R2
has to be chosen small enough to guarantee that, after a rising
edge of the input terminal N1, the first input node N2 reaches
a voltage close to the third reference voltage VDD?2 before a
next input falling edge 1s applied to the input terminal N1.

Regarding the embodiments of the voltage level shifting
device described above, a person skilled 1n the art, 1n order to
satisty contingent needs, can make modifications, adapta-
tions and substitutions of elements with other functional
equivalent elements, without departing from the scope of the
following claims. Each of the features described as belonging
to a possible embodiment can be made independent of the
other described embodiments.

The mnvention claimed 1s:

1. A voltage level shifting device for driving a capacitive

load, the voltage level shifting device comprising:

a first line set at a first reference voltage;

a second line set at a second reference voltage greater than
the first reference voltage;

a third line set at a third reference voltage greater than the
second reference voltage;

an mput terminal for receiving a first input signal switch-
able between a first input logic state corresponding to
said first reference voltage and a second input logic state
corresponding to said second reference voltage;

an output terminal for supplying an output signal switch-
able between a first output logic state corresponding to
said third reference voltage and a second output logic
state corresponding to a fourth reference voltage
obtained by reducing said third reference voltage by
predetermined operative voltage;

a first electronic circuit having an input connected to the
input terminal and an output connected to the output
terminal, said first electronic circuit being activated fol-

lowing a commutation of the first input signal from the

first reference voltage to the second reference voltage for
fixing the output terminal to the fourth reference volt-
age;

a second electronic circuit having a first input connected to
the input terminal to recerve the first input signal and a
first output connected to the output terminal, said second
clectronic circuit being activated following a commuta-
tion of the first input signal from the second reference
voltage to the first reference voltage, the second elec-
tronic circuit including:

a circuital block connected between the third line and the
first output, said circuital block being activated through
a first mput node for commutating the output terminal
from the fourth reference voltage to the third reference
voltage following said commutation of the first input
signal from the second reference voltage to the first
reference voltage, and

a network operatively connected between the third line and
the first input, configured to drive said first input node to
maintain said circuital block activated at least for a first
time 1nterval greater than a second time interval
requested to commutate said output terminal from the
fourth reference voltage to the third reference voltage.
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2. The voltage level shifting device according to claim 1,
wherein said circuital block comprises a first PMOS transis-
tor connected between the third line and the first output and
having a gate terminal connected to said first input node.

3. The voltage level shifting device according to claim 1,
wherein said network of the second electronic circuit com-
Prises:

a first resistor connected between the third line and said

first input node, and

a lirst capacitor connected between the same {first input
node and said first input.

4. The voltage level shifting device according to claim 1,
wherein said network of the second electronic circuit com-
Prises:

a first capacitor connected between the first input node and

said first input;

a second PMOS transistor connected between the third line
and said first mput node and having a gate terminal
connected to a second 1nput node;

a second resistor connected between the third line and the
second 1nput node;

a second capacitor connected between said second 1input
node and a first input terminal of the device config-
ured to receive a second mput signal switchable
between the first reference voltage and the second
reference voltage so that the second 1nput signal 1s
logically opposite to said first input signal.

5. The voltage level shifting device according to claim 1,
wherein said first electronic circuit comprises an input circuit
and a source follower PMOS transistor connected to the input
circuit to form a branch between the output and the first line.

6. The voltage level shifting device according to claim 5,
wherein said source follower PMOS transistor has a source
terminal connected to the output and a drain terminal con-
nected to an output node of the input circuit, a gate terminal of
the source follower PMOS transistor being driven by a bias
voltage.

7. The voltage level shifting device according to claim 6,
wherein said mput circuit comprises a first and a second
NMOS transistor connected together 1n a cascode configura-
tion, said first NMOS transistor being activated following a
commutation of the first input signal from the first reference
voltage to the second reference voltage for fixing the source
terminal of the source follower PMOS transistor to the fourth
reference voltage.

8. The voltage level shifting device according to claim 6,
turther comprising a bias circuit configured to generate said
bias voltage and connected between the third line and the first
line, said bias circuit including:

a current mirror circuit having an output connected to said
output terminal to supply said output terminal with a
mirrored current generated by a current generator;

a first branch connected between the first line and an input
of said current mirror circuit, said first branch including
a third resistor series connected to said current generator.

9. The voltage level shifting device according to claim 8,
wherein said third resistor 1s connected between the input of
the current mirror circuit and an intermediate node of the first
branch so that the bias circuit provides said bias voltage on
said intermediate node connected to the gate terminal of the

source Tollower PMOS transistor.

10. A voltage level shifting device according to claim 9,
wherein said bias circuit comprises a third capacitor con-
nected between the third line and said intermediate node.
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11. The voltage level shifting device according to claim 9,
wherein said bias circuit further comprises a fourth capacitor
connected between the third line and the mput of the current
mirror circuit.

12. The voltage level shifting device according to claim 8,
wherein said bias voltage 1s obtained by subtracting from said
third reference voltage both a voltage threshold of a PMOS
transistor and a voltage drop produced on said third resistor,
according to:

VGSOUEF=VDD2-V »—K1 11

in which I1 represents a bias current generated by the

current generator.

13. The voltage level shifting device according to claim 12,
wherein the second logic state of the output signal corre-
sponding to said fourth reference voltage 1s obtained as based
on:

VGSOUF+V 1= VDD2-R1INN=VDD2-K

in which:

VGSOUF 1s said bias voltage;

VDD2 1s said third reference voltage;

V ., 1s a voltage threshold of a PMOS transistor; and

R1I1 =K 1s a voltage drop on the third resistor correspond-
ing to the predetermined operative voltage.

14. An amplification device comprising a voltage level

shifting device including:

a first line set at a first reference voltage;

a second line set at a second reference voltage greater than
the first reference voltage;

a third line set at a third reference voltage greater than the
second reference voltage;

an mput terminal for receiving a first input signal switch-
able between a first input logic state corresponding to
said first reference voltage and a second input logic state
corresponding to said second reference voltage;

an output terminal for supplying an output signal switch-
able between a first output logic state corresponding to
said third reference voltage and a second output logic
state corresponding to a fourth reference voltage
obtained by reducing said third reference voltage by a
predetermined operative voltage;

a first electronic circuit having an input connected to the
input terminal and an output connected to the output
terminal, said first electronic circuit being activated fol-

lowing a commutation of the first input signal from the

first reference voltage to the second reference voltage for
fixing the output terminal to the fourth reference volt-
age;

a second electronic circuit having a first input connected to
the input terminal to recerve the first input signal and a
first output connected to the output terminal, said second
electronic circuit being activated following a commuta-
tion of the first input signal from the second reference
voltage to the first reference voltage, the second elec-
tronic circuit including;:

a circuital block connected between the third line and the
first output, said circuital block being activated
through a first input node for commutating the output
terminal from the fourth reference voltage to the third
reference voltage following said commutation of the
first input signal from the second reference voltage to
the first reference voltage, and

a network operatively connected between the third line
and the first input, configured to drive said first input
node to maintain said circuital block activated at least
for a first time interval greater than a second time
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interval requested to commutate said output terminal
from the fourth reference voltage to the third refer-
ence voltage.

15. A portable electronic equipment comprising the ampli-
fication device having a voltage level shifting device includ-
ng:

a first line set at a first reference voltage;

a second line set at a second reference voltage greater than

the first reference voltage;

a third line set at a third reference voltage greater than the
second reference voltage;

an nput terminal for recerving a first input signal switch-
able between a first mnput logic state corresponding to
said first reference voltage and a second input logic state
corresponding to said second reference voltage;

an output terminal for supplying an output signal switch-
able between a first output logic state corresponding to
said third reference voltage and a second output logic
state corresponding to a fourth reference voltage
obtained by reducing said third reference voltage by a
predetermined operative voltage;

a first electronic circuit having an mput connected to the
iput terminal and an output connected to the output
terminal, said first electronic circuit being activated fol-
lowing a commutation of the first input signal from the
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first reference voltage to the second reference voltage for
fixing the output terminal to the fourth reference volt-
age;

a second electronic circuit having a first input connected to

the input terminal to receive the first input signal and a
first output connected to the output terminal, said second
clectronic circuit being activated following a commuta-
tion of the first input signal from the second reference
voltage to the first reference voltage, the second elec-
tronic circuit including:
a circuital block connected between the third line and the
first output, said circuital block being activated

through a first input node for commutating the output
terminal from the fourth reference voltage to the third
reference voltage following said commutation of the
first input signal from the second reference voltage to
the first reference voltage, and

a network operatively connected between the third line and

the first input, configured to drive said first input node to
maintain said circuital block activated at least for a first
time 1nterval greater than a second time interval
requested to commutate said output terminal from the
fourth reference voltage to the third reference voltage.
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